ies have compared pharmaceutical treatment with LARS, particularly over a longer term. Additionally, most of these comparisons included relatively small sample sizes and did not use optimized drug dosing or carefully controlled laparoscopic surgical techniques. [10] [11] [12] [13] The LOTUS (Long-Term Usage of Esomeprazole vs Surgery for Treatment of Chronic GERD) trial compared maintenance therapy provided by esomeprazole (dose-adjusted when required) with standardized LARS in patients who responded well to acidsuppressive therapy. Herein, we report the final results of the 5-year follow-up for the LOTUS trial.
METHODS

Study Design and Objectives
The LOTUS trial was an exploratory randomized, open, parallel-group, multicenter study conducted in 11 European countries between October 2001 and April 2009. The primary objective was to evaluate maintenance therapy with esomeprazole (in patients tested to be responsive to the medication) vs LARS performed by experts.
Patients were aged 18 to 70 years and had chronic symptomatic GERD. The diagnosis of GERD was established on the basis of typical clinical history and presence of esophageal mucosal breaks at endoscopy, classified by Los Angeles grade, and/or pathological pH-metry. Assessments included endoscopy with biopsy, 24-hour pH-metry and symptom response to esomeprazole. The participating centers had to be either academic units or affiliated with a university; each center participated in training sessions to ensure that operative procedures were conducted or supervised by a consultant surgeon who specialized in this type of laparoscopic upper gastrointestinal tract surgery; and surgical techniques were standardized 14 across centers. All patients had to be eligible for both LARS and pharmaceutical therapy and were randomized in blocks of 4 consecutive patient numbers to either treatment. Participants were not permitted to switch treatment groups if they requested the alternative treatment; patients had to leave the study to receive the alternative treatment. Protocol approval for this trial was obtained from local ethics committees. Written informed consent was obtained from all patients.
Because sustained resolution of reflux symptoms with esomeprazole treatment occurs in approximately 70% of patients with GERD, 15 a 3-month run-in period was required to verify the clinical response to esomeprazole, 40 mg/d, and only those who responded were randomized. Partial responders or patients refractory to treatment were excluded. This 3-month run-in period also allowed baseline assessments. Patients were required to have no more than Los Angeles grade B esophagitis at baseline and no more than mild heartburn or regurgitation at the end of 3 months of esomeprazole treatment to permit randomization. Symptom severity was classified as none, mild (awareness of symptoms but easily tolerated), moderate (discomfort sufficient to cause interference with normal activities), or severe (incapacitating, with inability to perform normal activities).
Responders were randomly assigned to undergo LARS or to receive esomeprazole, 20 mg once per day, increased stepwise to 40 mg once per day then 20 mg twice per day in case of incomplete control of heartburn and regurgitation. Full details of the protocol are described in the report of the interim 3-year results. 16 Patients visited the clinic 6 months after randomization and every 6 months thereafter. Follow-up endoscopy was planned at 1, 3, and 5 years. At endoscopy, the esophagus, cardia region, stomach, and duodenum were examined and biopsies were repeated. 17 Patients underwent pH-metry at baseline and again at 6 months and 5 years. 18 Symptoms related to GERD were assessed at every visit, during which the investigator asked standardized questions about heartburn, acid regurgitation, epigastric pain, bloating, flatulence, diarrhea, and dysphagia severity. In addition, patients in the LARS group were asked about other gastrointestinal symptoms such as ability to vomit and ability to belch. Healthrelated quality of life and patientreported symptoms were assessed by administering the validated Quality of Life in Reflux and Dyspepsia (QOLRAD) and Gastrointestinal Symptom Rating Scale (GSRS) questionnaires to patients at randomization and annually thereafter. Translations of the questionnaires into different languages were performed according to proposed guidelines and involved several independent translators.
During the follow-up period, patients in both treatment groups who experienced moderate to severe recurrent GERD symptoms for at least 3 consecutive days were instructed to contact the clinic. They were then questioned about their symptom control and need for other regular medication and were offered endoscopy.
Treatment End Points and Statistical Analyses
The main analysis was conducted using the intention-to-treat population comprising all randomized patients. Including patients randomized to undergo surgery but not operated on had little influence on the primary analysis because they were censored early.
The primary end point in this study, time to treatment failure, was defined as follows for the 2 study treatments.
In the esomeprazole group, the need for escalation in treatment for control of reflux disease was assessed at clinic visits by asking "Do you have sufficient control of your heartburn and acid regurgitation?" If the answer was no and the patient stated a need for other regular drug therapy, the dose of esomeprazole was increased to 40 mg once per day for 8 weeks and could be adjusted to 20 mg twice per day for a further 8 weeks if symptoms had not resolved. If this proved insufficient to control symptoms, the patient was classified as having had treatment failure.
The same questions were asked at clinic visits about symptom control in the LARS group, and if the answer was no and was backed up by a need for treatment with acid-suppressive drugs, the patient was classified as having had treatment failure. Patients were also classified as having had treatment failure if they had postoperative symptoms requiring medical action, perioperative death, postoperative death within 30 days of surgery, dysphagia requiring further treatment, or any other requirement to reoperate for symptom control. In the case of functional esophageal postoperative stenosis, 1 dilatation was allowed.
Time to treatment failure/censoring was defined as number of days between randomization and last visit for all participants within 5 years after randomization, regardless of reason for discontinuation or reason for visit. For patients who never returned for a visit, time of censoring was set as 0. As an exploratory analysis, the KaplanMeier method was used to estimate the proportion of patients in remission over time and, as specified in the study protocol, the log-rank test was used to test the statistical significance of the observed difference between the treatment groups. A per-protocol analysis was also performed on the primary end point and included all randomized patients except those with major protocol violations. 16 In addition, to test the robustness of our main analysis, best-and worstcase outcomes scenarios were analyzed with censored patients considered to have had either treatment failures or treatment successes and after excluding censored patients.
Secondary variables were presented descriptively and analyzed only for the intention-to-treat population, without any analysis of missing data. There were no adjustments for multiple comparisons because of the exploratory character of the study.
In a post hoc analysis, severity of GERD symptoms (none = 0; mild = 1; moderate=2; and severe = 3) reported at 5 years was compared between treatments using a 2-sided Wilcoxon rank sum test. The safety population included all patients who received at least 1 dose of study drug and from whom postdose data were available.
This study was not designed as a superiority or equivalence trial but, rather, was an exploratory study to estimate the efficacy of LARS and PPI treatment in PPI responders. The sample size was determined by assuming that the true rate of treatment success (ie, patients who did not experience treatment failure within 5 years) would be at least 70% for both treatments. With 275 patients in each group, the true difference between the treatments was estimated not to differ from the observed difference by more than 8 percentage points with a probability of 95%. Thus, the sample size was derived to give a specific length of the confidence interval (CI) between the proportions of treatment success in the 2 treatment groups. The computation is based on the normal approximation for a continuity-corrected interval. 19 In an exploratory analysis, the log-rank test was used to test for the superiority of the observed difference between the treatment groups.
Statistical analyses were performed using SAS version 8.2 (SAS Institute Inc, Cary, North Carolina).
RESULTS
Study Population
A total of 626 patients completed enrollment for the study, of whom 554 were randomized, 288 to undergo LARS (40 of whom were not operated on) and 266 to receive esomeprazole. The reasons for the 40 patients who were not operated on were as follows: 29 withdrew consent or refused surgery; 4 were considered ineligible for surgery; 2 were not operated on within the time window after randomization; 2 were lost to follow-up; 1 was pregnant; 1 had a serious adverse event while waiting for surgery; and 1 had a death in the family. The demographic characteristics of 
Treatment Efficacy
Time to Treatment Failure. Time to treatment failure, the primary efficacy variable, is presented as Kaplan-Meier plots for the intention-to-treat population in FIGURE 2. At 5 years, an estimated 85% (95% CI, 81%-90%) in the LARS group and an estimated 92% (95% CI, 89%-96%) in the esomeprazole group remained in remission (log-rank P = .048). There were 33 treatment failures in the LARS group (29 patients required other treatment to control reflux symptoms, 1 needed more than 1 dilatation, and 3 had postfundoplication adverse events including 1 gastric perforation and 2 with severe flatulence, bloating, and diarrhea) compared with 19 treatment failures in the esomeprazole group (all failures of symptom resolution). The results of the per-protocol analysis were similar: 85% (95% CI, 80%-90%) remission in the LARS group and 94% (95% CI, 91%-98%) remission in the esomeprazole group at 5 years (ie, 30 vs 12 treatment failures respectively; P=.004).
When best-and worst-case scenario case analyses were applied, the remission rates were 88.5% (95% CI, 84.1%-91.9%) in the LARS group and 92.9% (95% CI, 88.9%-95.5%) in the esomeprazole group, for a treatment difference of 4.3% (95% CI, −0.9% to 8.5%) when all censored patients were considered to have successful treatment. Corresponding rates when all censored cases were considered treatment failures were 61.5% (95% CI, 55.5%-67.1%) in the LARS group and 71.8% (95% CI, 65.9%-77.0%) in the esomeprazole group, for a treatment difference of 10.3% (95% CI, 2.2%-18.5%). When all censored patients were excluded from the analysis, the estimated remission rates were 84.3% (95% CI, 78.5%-88.8%) in the LARS group and 91.0% ( 9 5 % C I , 8 6 . 0 % -9 4 . 3 % i n t h e esomeprazole group, for a mean treatment difference of 6.7% (95% CI, −0.1% to 13.4%).
The percentages of patients in the esomeprazole group who required an increased dose of esomeprazole to control their symptoms were similar for each year during the study; at 5 years, 23.1% of patients were receiving an increased dose (16.5% were taking 40 mg once per day and 6.6% were taking 20 mg twice per day).
GERD and Postoperative Symptoms. The prevalence and severity of GERD symptoms reported by patients at each clinic visit throughout the study is shown in FIGURE 3 . The esomeprazole group showed similar levels of heartburn and regurgitation from baseline up to 5 years, while both symptoms decreased in the LARS group after randomization. At 5 years, acid regurgitation was significantly worse in the esomeprazole group than in the LARS group (13% vs 2%, respectively; P Ͻ .001), although there was no significant difference between the groups in the severity of heartburn (16% vs 8%; P=.14), epigastric pain (18% vs 18%; P = .55), or diarrhea (15% vs 16%; P = .25). At 5 years, dysphagia remained significantly more common in the LARS group than in the esomeprazole group (11% vs 5%, respectively; P Ͻ .001), as did bloating (40% vs 28%, respectively; P Ͻ.001) and flatulence (57% vs 40%, respectively; P Ͻ.001).
Endoscopic Findings. At 5 years, esophagitis of Los Angeles grades A, B, or C was observed in 12, 5, and 1 patients in the LARS group and in 16, 7, and 2 patients in the esomeprazole group, respectively. The percentage of patients in the esomeprazole group with hiatal hernia remained consistent over 5 years and was present in 62% at 5 years compared with 6% in the LARS group. The presence of stricture decreased in both treatment groups throughout the study, with 5 reported during the run-in period (3 in the esomeprazole group and 2 in the LARS group) and 2 after operation in the LARS group.
Endoscopic suspicion of esophageal metaplasia was present in 11.1% (32/288) of the LARS group and in 10.5% (28/266) of the esomeprazole group at entry, and its prevalence at 5 years remained stable in both study groups (13.6% [22/162] and 9.3% [17/ 183] , respectively).
pH-Metry. Complete pH data were available for approximately 70% of the participants who were still in follow-up at 5 years. Baseline intraesophageal acid exposure was similar for the 2 treatment groups; the median percentage of time that pH was below 4 (upright plus recumbent) was 8.6% in the LARS group and 8.8% in the esomeprazole group. At 5 years, exposure time had decreased to 0.7% in the LARS group and to 1.9% in the esomeprazole group. The mean percentage of time with raised intragastric pH (Ͼ4) increased from 12.1% at baseline to 62.1% at 5 years in the esomeprazole group, while in the LARS group it remained fairly stable, decreasing slightly from 12.4% at baseline to 11.4% at 5 years.
Health-Related Quality of Life. QOLRAD scores on the food and drink and vitality dimensions as well as scores on the GSRS reflux dimension were the most abnormal at entry and the most sensitive to change with treatment. The mean scores for all dimensions improved in both groups and remained close to values observed in a healthy population (eTable 1; available online at http://www.jama.com).
Safety
There was no perioperative mortality and only 3% of patients had in-hospital morbidity. Serious adverse events were reported by 28.6% of patients who underwent LARS (n=248) and by 24.1% of the esomeprazole group (n = 266) over 5 years (TABLE 2) . Five patients had serious adverse events during the study that led to death either during the study (3 patients in the esomeprazole group, 1 of whom had pneumonia and 2 of whom had pancreatic carcinoma) or after the study (1 patient in the LARS group who had a malignant lung neoplasm and 1 patient in the esomeprazole group who had a fall that led to traumatic brain injury and femur and pelvic fracture). Further details of serious adverse events are shown in eTable 2. Laboratory variables monitored throughout the study are summarized in Table 2 . Mean gastrin and chromogranin levels were elevated in patients treated with esomeprazole, as expected after long-term acid suppression. They appeared to stabilize after 3 years. No clinically relevant changes were noted in other laboratory variables.
COMMENT
This large, multicenter randomized trial demonstrated that with modern forms of antireflux therapy, either by druginduced acid suppression or after LARS, most patients remain in remission for at least 5 years. In an exploratory analysis, the estimated remission rates at 5 years were higher in the esomeprazole group (92%; 95% CI, 89%-96%) than in the LARS group (85%; 95% CI, 81%-90%; log-rank P=.048). There was more regurgitation with esomeprazole than with LARS. In contrast, dysphagia, bloating, and flatulence were more common after LARS vs with esomeprazole. Both treatments were well tolerated, with no surgery-related mortality and similar safety profiles for both. 20 The high remission rates reported in this trial are at variance with previous randomized studies comparing longterm medical therapy vs antireflux surgery. There may be several reasons for these apparent discrepancies. With respect to drug therapy, earlier trials used drugs such as antacids, prokinetics, or histamine 2 receptor antagonists that are now known to be of limited efficacy. Proton pump inhibitors are more potent acid-suppressive agents, reducing the intensity of esophageal acid exposure. In the present study, patients were treated with esomeprazole, which suppresses gastric acidity more effectively than omeprazole and other PPIs. 21, 22 Moreover, in our study, patients whose reflux symptoms were not adequately controlled by a standard maintenance regimen (ie, esomeprazole, 20 mg/d) were allowed to increase the dosage to 40 mg once per day and then to 20 mg twice per day. Dinnertime or split dosing can improve breakthrough nocturnal symptoms for some patients. 23 Dose escalation or split dosing applied in the LOTUS study may have contributed to the improved remission rate (92%) compared with that reported in the SOPRAN study at 5 years (57%), 9 in which patients received omeprazole and were not actively dose-titrated to the same extent. Most likely, LARS outcomes were better than reported in earlier studies because we recruited participating centers and surgeons with demonstrable expertise and standardized surgical technique, which has been shown to improve outcomes in other studies. 24, 25 The outcome from this approach was manifested by the absence of mortality and the very low morbidity rate in the LARS group. Only 1 patient had dysphagia requiring more than 1 endoscopic dilatation. One recent meta-analysis suggested better outcomes for LARS compared with open surgery, but the need for reoperation may be more frequent after LARS. 7 In our experience, most patients (98%) did not experience long-term complications from LARS. The final endoscopic assessment did not show anatomical deterioration and hiatal repair was maintained, with only 5.6% of the LARS group having hiatal hernia after 5 years compared with 62.3% in the esomeprazole group, confirming similar observations from the SOPRAN study. 9 Our LARS group showed slight deterioration in symptom control between 3 years (estimated remission rate, 90%) and 5 years (estimated remission rate, 85%), while the esomeprazole group remained more stable. Better long-term symptom control in the esomeprazole group might have been related to dose escalation.
Long-term acid suppression has been associated with complications. [26] [27] [28] The serious adverse events reported in this study 20 (eTable 2) were similar between the LARS and esomeprazole groups, apart from slightly more cardiovascular complications in the esomeprazole group. However, there were no specific serious adverse events that were judged by the investigators to be attributable to acid-supressive therapy alone. Two hip fractures occurred during the study, 1 in the LARS group and 1 in the esomeprazole group that was caused by a serious fall that also resulted in femur fracture, brain trauma, and death. The few hip fractures we observed suggest that fractures are rare with PPI and that previous observational studies might have overestimated the risk of these events. 29 Our trial has several limitations. First, we enrolled only PPI responders; our results do not generalize to patients who initially are partially or completely refractory to PPI therapy. 30 These poor responders are a heterogeneous group of patients with many underlying causes for their nonresponsiveness to treatment. The most common cause is the absence of actual reflux disease, with symptoms being caused by nonreflux conditions. Assessing the role of surgery in nonresponders requires specific investigations such as pH impedancemetry to better classify patients. The choice of long-term PPI maintenance therapy or LARS in patients who initially respond to acid suppression is relevant to clinical practice.
Second, 14% of participants randomized to receive surgery were not operated on for various reasons. Despite our efforts, we were unable to follow up this patient cohort, who did not differ from participants at baseline but who declined surgery. For this reason, we performed a sensitivity analysis with bestand worst-case scenarios assuming that all participants not completing the study after randomization all either had treatment response or treatment failure. The results of this were similar to our overall findings. The number of participants randomized to receive surgery who did not undergo operation was considerably lower than the 38% of participants reported in the large UK REFLUX trial. 13 When treatment failures were excluded, the dropout rate during the 5-year duration was consistent with rates observed in other studies of chronic conditions and better than in other previous antireflux surgery clinical trials. 8, 12, 13 Third, this study was not designed as a superiority or equivalence trial but, rather, as an exploratory study to estimate the efficacy of antireflux surgery and PPI treatment in PPI responders. At the time the study was designed, there were no good estimates for longterm treatment efficacy of esomeprazole (or other PPIs) in this patient population, and the 70% estimate of success with surgery was based on results with nonlaparoscopic procedures. We therefore selected a more pragmatic strategy for sample size determination by estimating the size of the CI for a given difference in efficacy. Nonetheless, we did prespecify that the treatment success rates in each group would be compared using log-rank tests for the superiority of the observed difference between the treatment groups.
In summary, most patients with GERD who are initially responsive to PPIs achieve and remain in remission at 5 years with contemporary antireflux therapy using either LARS or esomeprazole in a dose-escalating manner when required.
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